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INTRODUCTION 

This Third Annual Report i s  the  f i n a l  r e p o r t  on our o r i g i n a l  

Contract NASA NsG-632. 

of t h e  Contract (NsG-632) for t h e  year  1967-68 t o  continue o u r  work. 

The microwave work conducted by W i l l i a m  Kreiss w i l l  soon be presented 

as a Ph.D. t h e s i s  a t  t h e  University of Washington; it w i l l  then be 

published as a sepa ra t e  s c i e n t i f i c  r e p o r t  e a r l y  i n  1968. 

wave study w i l l  continue with ana lys i s  of d a t a  obtained on a NASA 

Convair f l i g h t .  

However, we have been granted an extension 

The micro- 



SUGGESTED SATELLITE EXPERIMENTS 

bY 

KonraZ J. K.  Buettner 

Ever s ince  t h e  first weather map, meteorologis ts  have had but 

one wish: 

zon ta l  and v e r t i c a l  coverage of the globe. I t  has also meant a corres-  

ponding increase  i n  understanding o f  l a r g e  scale f e a t u r e s  of dynamic 

f l u i d  motions of our atmosphere. 

space g r i d  width of hundreds of kilometers ho r i zon ta l ly ,  of 50 o r  

more mb v e r t i c a l l y ,  and a time grid width of h a l f  a day o r  so. 

between these  da ta  we in t e rpo la t e  o r  "smooth." 

of the  jet  stream, as wel l  as the  t h i n  s t a b l e  Danielsen 1ayers;were 

delayed because they  were i n i t i a l l y  "smoothed" away. 

c loud watching, highly developed a t  t he  Potsdam Observatory i n  t h e  

twent ies ,  t h e  weather observer  f ly ing  d a i l y  i n  a t i n y  open a i rp l ane  

observing d e t a i l s  of t he  lower troposphere are matters of t h e  pas t .  

The word su r face  temperature means "eye l e v e l  values" t o  synopt ic  meteor- 

o l o g i s t s ,  and "real1' o r  "true" surface temperature t o  t h e  despa i r ing  

r a d i a t i o n ,  or micro-meteorologist. 

i n  S e a t t l e ,  the  l o c a l  1 2  t o  24 hour fo recas t  has n o t  become s i g n i f i c a n t l y  

b e t t e r  i n  s p i t e  of a l l  super for  maps t ransmi t ted  from Headquarters. 

D r .  F. Mcller a s su res  m e  t h a t  the  same holds  for  Germany, t e n  years  

after Sputnik, and s i x  years  a f t e r  Tiros. 

course,  p e r s i s t s  as seen i n  t h e  constant  pressure  l e v e l  balloons.  

a r e  l i k e  astronomers using only Schmidt te lescopes  and not t h e  Hale 

te lescope  or  the  spectrograph. 

More of t h e  same. This means huge expenditure for  h o r i -  

The best  n e t  we have s t i l l  has a 

In  

The o r i g i n a l  discovery 

The f i n e  ar t  of 

I n  my four teen  yea r s  of res idence 

The c r y  "more of same", of 

We 

The present  wide angle s a t e l l i t e  instruments show l a rge  a r e a s  i n  
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every b i t  of information. A l l  but t h e  best photographs taken by as- 

t ronau t s  permit only t h e  statement t h a t  t h e r e  is  cloudiness ,  no t  t h e  

v e r t i c a l  and ho r i zon ta l  extent  of each ind iv idua l  cloud. If a 50% 

s o l a r  albedo i s  a c t u a l l y  observed, it could mean a s t r a t u s  of t h a t  

s p e c i f i c  albedo or a mixture of br ighter ,  small c louds with dark 

background. 

Cloud and sur face  d e t a i l s  could be de tec ted  with g r e a t e r  reso- 

l u t i o n  by t h e  implimentation of nadi r  or ien ted ,  o r b i t i n g  te lescopes .  

Longer focal length  mirror  o p t i c s  than  have previously been used would 

ob ta in  a smaller bulk of information per  s a t e l l i t e  o r b i t ,  but perhaps 

more information he lp fu l  i n  solving smaller scale cloud and surface 

problems throughout the,4p - 15p range. 

The Rayleigh c r i t e r i o n  f o r  the r e so lv ing  power o f  a te lescope  

shows t h a t  an aper ture  as small  as t w o  inches al lows a surface element 

of 1 0  m s ize  t o  come under scru t iny  by v i s i b l e  l i g h t .  A seven inch 

ape r tu re  i n  an intermediate  in f ra red  te lescope  (8p - 1 4 ~ )  permits  t h e  

separa t ion  of images of surface objects  about 100 m apart. Inf ra red  

d e t e c t o r  a r r a y s  a r e  ava i l ab le  w i t h  element s i z e  and spacing of 0.0005 

inches.  When these  are employed, t he  te lescope  f o c a l  length  requi red  

i s  about t e n  inches. 

r e s o l u t i o n  of 100 m wide areas i s  only about t e n  mil l iseconds.  

Detector element response time necessary f o r  

The 

following proposal i s  aimed a t  c rea t ing  an observa t iona l  system having 

t h e  smallest poss ib le  a rea  coverage, but t h e  l a r g e s t  poss ib le  discovery 

of p e r t i n e n t  da ta .  

Paral le l  t o  t h i s  te lescope  could be mounted a microwave r ece ive r  

of as small a f i e l d  of view as f eas ib l e .  The following could be 
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i nves t iga t ed  : 

( a )  Lower troposphere ozone. Reflected s o l a r  l i g h t  w i l l  be 

equal ly  a f f ec t ed  by cloud or surface r e f l e c t i o n  and by s c a t t e r i n g  

l o s s e s  f o r  t h r e e  se l ec t ed  wavelengths, X = 0.47, 0.57, 0.6711. However, 

X 0.57 w i l l  a d d i t i o n a l l y  be subdued by absorpt ion as it passes  twice 

through t h e  ozone l aye r .  With proper arrangements t h e  readout could 

be made t o  mean d i r e c t l y  t h e  to ta l  03 i n  a v e r t i c a l  column below t h e  

spacecraf t .  

o r  two adjacent  cloud decks t h e  d i f fe rences  i n  03 readout would i n d i c a t e  

t h e  O3 between s a i d  l eve l s .  

conservat ive element, except for  sur face  contac t ,  and i s  h ighly  va r i ab le  

with the  a i r  mass o r i g i n ,  we would have a poten t  new means of f r o n t a l  

ana lys i s .  

an t icyc lones .  But here 03 d i s t r i b u t i o n  would be of l i t t l e  i n t e r e s t .  

As shown below, clouds cannot w e l l  be discovered, from t h e i r  albedo, 

over snow, e.g.,  v i a  vidicon. 

t i t u d e  da t a  i f  t h e  03 d i s t r i b u t i o n  has been determined by another  

m e t  hod. 

If t h e  r e f l e c t o r  is a l t e r n a t i n g l y  t h e  snowy ground and one 

Since lower t ropospher ic  ozone is a 

The method fa i l s  i n  c loudless  areas, e.g. ,  c l e a r  a i r  i n  

Method (a )  would y i e l d  r e f l e c t o r  al-  

(b )  For method ( a )  height  and q u a l i t y  of the  r e f l e c t o r  a r e  t o  be 

known or surmised. Reflector q u a l i t y  follows our knowledge of  v i s i b l e  

albedo; r e f l e c t e d  s i g n a l s  come, as a r u l e ,  from a shallow t o p  l a y e r  i n  

t h e  cloud. 

measurements, s p e c i f i c a l l y  d i f f e rences  of cloud decks VS. each o the r  

or vs. ground might be evaluated using absorpt ion of t h e  r ed  02 l i n e .  

Measuring cloud top  temperatures a t  4 o r  1111 might be another  i n d i r e c t  

way of  cloud height  determination. 

A s p e c i a l  survey f o r  Antarct ic  c louds might be needed. Height 
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(c )  A combination of v i s i b l e  and in f r a red  s i g n a l s  can g ive  f i n e  

d e t a i l s  of r e f l e c t i o n  c h a r a c t e r i s t i c s  and shape of clouds s p e c i f i c a l l y  

cumulo-nimbus. Additional d a t a  w i l l  be received simultaneously i n  t h e  

15 GH, band i n  o rde r  t o  spot  heavy r a i n .  

( d )  Looking for  l i gh tn ing  could be a n  enormous waste of recorder  

tape .  

o r  for  another  l i gh tn ing  emit ted l i n e  could be temporar i ly  i n s e r t e d  

by a mechanism t r i g g e r e d  by a spheric ,  i .e.,  a r r i v i n g  i n  t h e  cone of 

meter wave transmission through the  ionosphere. 

an teda tes  l ight  emission long enough t o  p e r m i t  t h i s  t r i gge r ing .  

t h i s  way l igh tn ing  s i g n a l s  could be received any time using t h e  same 

equipment used for  o the r  continuous programs. 

However, a s p e c i a l  f i l t e r  f o r  t h e  orange l i n e  (Ha 6563 'rl) 

Sper ics  emission 

In  

(e) Over snow f i e l d s ,  clouds are hard t o  recognize from above. 

The same holds  for clouds over green forests a t  0.8411. 

course, v i s i b l e  albedo da ta  do not y i e l d  much information on open 

water l eads  covered by summer arctic s t r a t u s .  

Also, of 

Quant i ta t ive ly  , t h e  combined effect of a s c a t t e r i n g  cloud above 

a snowfield may be described as follows: 

We assume t h a t  our cloud does not absorb. Let - c and - c' be albedo 

and t r ansmiss iv i ty  of a cloud; c + c' = 1. 

of t h e  surface, e.g., t h e  snow below. 

d e n s i t y  f o r  an incoming f l u x  of u n i t y  is 

L e t  a l s o  s be t h e  albedo 

Then t h e  r e f l e c t e d  r ad ian t  f l u x  

A = c + c'sc' + C ' C S ~ C '  +.....+ S ( C ' ) * S ~ C ~  = c + (1 - c ) ~  s 
1 - sc 
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and t h e  f l u x  a r r i v i n g  a t  t h e  surface and in t e rcep ted  by a f l a t  t o t a l l y  

absorbing upward looking radiometer i s  

B = C' + C'SC + c 1 2 2  s c +a*...+ c'sncn = 1 - c 
1 - sc 

(1.2) 

For a black su r face  of  s = 0 w e  have, as expected 

A = c a n d B = c ' = l - c  

i .e. , t r u e  cloud albedo f o r  an observer above and t r u e  cloud t ransmission 

f o r  one below. For an i d e a l  d i f fuse  r e f l e c t o r  or s = 1 we f i n d  

A = 1 and B = 1 

i .e . ,  clouds seem %on-existing" f o r  t h e  observer i n  an a i r c r a f t  o r  

spacecraf t  as wel l  as for  one on the ground looking up. 

For a cloud of sa tu ra t ion  thickness  o r  c = 1 we have 

A = c = 1 and B = 0 

For t h e  case of  no cloud o r  c = 0 we have 

A = s a n d B = l  

One might a sk ,  can a cloud deck increase  t h e  albedo of t h e  e a r t h  

measured from a s a t e l l i t e ,  even when t h e  ground surface is  more reflec- 

t i v e  than t h e  cloud? 

That is: A > s 

C + ( l - C ) 2 * 8  > S  

1 - sc 

which can be reduced t o  c ( l  - sI2 > 0, which i s  t r u e  f o r  a l l  s providing 

c + 0. 

Thus a non-absorbing cloud always increases  t h e  albedo. In  

Table I we see how the  r e l a t i v e  values of c and s in f luence  A. 
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TABLE I 

Cloud R e f l e c t i v i t y  Surface R e f l e c t i v i t y  Combined R e f l e c t i v i t y  

C - 
0 
1 

C 

C 

0.20 
0.20 
0.50 
0.50 
0.50 
0.80 
0.80 

S - 

0.20 
0.80 
0.20 
0.50 
0.80 
0.20 
0.80 

A - 

0.35 
0.81 
0.55 
0.67 
0.83 
0.81 
0.89 

From Table I,  it can be concluded t h a t  for t h i n  clouds t h e  t o t a l  

albedo i s  inf luenced mainly by the  ground r e f l e c t i v i t y ,  as expected, and 

over  a ground sur face  of  low r e f l e c t i v i t y  0.20 used here ,  t h e  cloud 

r e f l e c t i v i t y  dominates s t rongly .  I t  would be d i f f i c u l t  t o  attempt t o  

deduce any parameters of a cloud such as  i t s  th ickness ,  water content 

or dropsiae d i s t r i b u t i o n  q u a n t i t a t i v e l y  from an albedo measurement. 

However, for  the  case of a c i r r u s  a n v i l  having been blown away from t h e  

main cumulonimbus over t h e  sea  or over  land of low s, t h e  albedo change 

should be e a s i l y  de tec tab le .  T h i s  should y i e l d  not  only da ta  of t h e  

cloud build-up, but a l s o  of t h e  wind d i r e c t i o n  near  i t s  top.  

Over h ighly  r e f l e c t i v e  ground such as  snow, a change i n  cloud 

r e f l e c t i v i t y  f r o m  0.2 * 0.8 shows up only as a 8% change i n  A. With 

a t h i c k  cloud deck, c = 0.8, over t h e  Arctic Ocean, t h e  e f f e c t  of a 

change i n  ground r e f l e c t i v i t y  from 0 for an open l ead  t o  0.8 f o r  t h e  

ice pack, would a l s o  give a 8% change i n  A.  The percentage change 
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would vary with c.  An 

a d d i t i o n a l  method for determining t h e  cloud amount and type would be 

needed, for ins tance  in f r a red  or total  ozone. Once it had been es- 

t ab l i shed  t h a t  a s t r a t u s  cloud deck ex i s t ed  over t h e  Arctic Ocean, t h e  

effect of open water would show up s t rongly ,  and should be worth 

t e s t i n g .  

( f )  

However, an  ambiguity obviously e n t e r s  here.  

The system using 4~ i n f r a red  d e t e c t o r s  of quick response 

such as PbSe a l s o  w i l l  d e t e c t  t h e  following ind ica t ive  i n f r a r e d  s igna l s .  

(g)  Mul t i spec t ra l  photography i n  t h e  v i s i b l e  and near  i n f r a red  

g ives  i n t r i g u i n g  prospects  for observation o f  s a l - in i ty  changes i n  t h e  

su r face  waters of t h e  ocean from a remote platform. 

Sect ion I11 below.) 

(See f u r t h e r  

( i )  A w a r m  o r  cold r a i n  p e r s i s t s  fo r  a shor t  while on 

t h e  ocean sur face .  

sur face  s i g n a l s  i n  c loudless  areas may i n d i c a t e  t h e  

r a i n  t h a t  f e l l  recent ly .  

cloud d i r e c t i o n  and i n t e n s i t y  of r a i n .  

Over land i s o l a t e d  cumulus r a i n  w i l l  leave cool  areas behind. 

Cloud t o p  temperatures which are obviously q u i t e  important. 

A temperature devia t ion  of ocean 

This f ind ing  would give 

(ii) 

(iii) 
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INFRARED EMISSIVITY EXPERIMENT 

bY 

Robert Dana 

Instrumentation for t h e  "cold box" emissivity experiment has  

been improved by t h e  acqu i s i t i on  of a more modern in f r a red  thermometer 

and a faster response s t r i p c h a r t  recorder .  The in f r a red  thermometer 

is a Barnes Model PRT-5 on loan from t h e  United S t a t e s  Geological 

Survey. 

and a response time (t ime cons tan t )  as fas t  as 5 mill iseconds.  

It a l s o  has a f i e l d  of view (cone angle)  o f  about 2 degrees ,  which 

promises emiss iv i ty  measurements a t  g r e a t e r  angles  f r o m  t h e  normal 

than t h e  o ld  Barnes IT-2 (3O F.O.V.)  would al low f o r  a given sample 

s i z e .  

It should provide a s e n s i t i v i t y  o f  0.1 degree cent r igrade  

The recorder  has a response time o f  40 mil l iseconds f o r  f u l l  

s c a l e  de f l ec t ion  and cha r t  speeds up t o  5 inches p e r  second. 

Some prel iminary r e su l t s  a r e  given on the  following page i n  

Table 3.1. The sand sample was a l i g h t  gray,  small grained sand. 

The w e t  sand measurement used t h e  same sand sa tu ra t ed  with water. 

The farm so i l  was brown, fe r t i l e  s o i l  from a southern Minnesota 

corn f i e l d .  I t  was somewhat of  a c lay  s o i l  and contained a f e w  

b i t s  of s t a l k s  or o the r  vegetation. 

5 mi l l imeters .  

The clod s i z e  was l e s s  than 
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Table (2.1) Angular d i s t r i b u t i o n  o f  emis s iv i ty  averaged over t h e  

8 - 14 micron band width 

Target sample Angle of view from su r face  normal (degrees) 

0 20 30 40 50 60 

dry sand .911 .903 .887 .884 .880 - 
w e t  sand .934 .920 .915 .910 .E83 .E72 

dry farm s o i l  i 936 .933 .931 .930 .907 -866 

A curve of e f f e c t i v e  radiance for t h e  Barnes PRT-5 versus  black- 

body temperature gives  a measure o f  t h e  expected accuracy o f  t h e s e  

r e s u l t s .  

o f  t h e  product of t h e  Planck function f o r  blackbody radiance and t h e  

normalized s p e c t r a l  response of the  radiometer. 

i n  t h e  surface temperature as measured by t h e  radiometer and t h e  

real  surface temperature measured by a bead the rmis t e r  as being 2 0.2OC, 

w e  ge t  an unce r t a in ty  i n  emissivi ty  of 0.0044. 

co r rec t ion  factor due t o  t h e  small amount of r a d i a t i o n  r e f l e c t i n g  

off t h e  sample from t h e  cold box walls i s  0.0033. 

square of t h e s e  e r r o r s  i s  0.006. 

from t h e  average fa l l  within t h e  l i m i t  

The e f f e c t i v e  radiance is t h e  i n t e g r a l  over  wave l eng th  

Taking t h e  u n c e r t a i n t i e s  

The uncertainty i n  t h e  

The root mean 

For most measurements dev ia t ions  

0.006. 

The d a t a  shows a t r end  to  lower emis s iv i ty  a t  l a r g e  angles  from 

t h e  normal as exhibi ted by t h e  Fresnel equat ions and by t h e  experimental 

r e s u l t s  of Eckert (1959). The r e s u l t s  shown here,  however, may be 

e f f e c t e d  somewhat by t h e  cooling of t h e  ou te r  edges of t h e  sample. 

A s  t h e  radiometer swings t o  g rea t e r  angles ,  it views a l a r g e r  amount 

of t h e  periphery of t h e  t a r g e t ,  which may be s l i g h t l y  cooler .  This  
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point w i l l  be c a r e f u l l y  checked very soon. 

The emiss iv i ty  values  normal t o  t h e  surface compare favorably t o  

Buettner and Kern's (1965) values  of 0.914 and 0.936 f o r  l a r g e  g r a i n  

quar tz  sand i n  t h e  dry and wet s t a t e s  r e spec t ive ly .  

(1964) averaged t h e  specra l  emissivi ty  of "beach" sand over t h e  band- 

width 7.8 t o  13 microns ge t t i ng  a value of 0.80. The sand is assumed 

t o  have been dry. 

t h e  farm s o i l  r e s u l t .  

Lyon and Burns 

No o the r  work on soils was ava i l ab le  t o  compare with 
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H I G H  RESOLUTION INFRARED RADIOMETER ADAPTATION 

by 

Robert Dana 

A Nimbus H R I R  Radiometer w a s  acquired on loan from NASA, Goddard 

Space F l igh t  Center i n  Apr i l ,  1967. 

radiometer t o  our needs r a t h e r  than fol low the  l i n e  of development 

of a 3.5 - 4 . 1  micron de tec to r  from bas ic  components as ou t l ined  i n  

t h e  f i f t h  semi-annual r epor t  o f  t h i s  con t r ac t .  

use of t h i s  instrument as a portable  in f r a red  de tec to r  i n  t h e  f i e l d  

and f o r  low l e v e l  f l y i n g  t o  measure d e t a i l e d  ocean su r face  tempera- 

t u r e  and emiss iv i ty  ( t h e  former use being the  more urgent ) ,  two impor- 

t a n t  a d d i t i o n a l  components must be developed. 

t o  be operated i n  dry a i r ,  i n e r t  gas ,  or vacuum atmosphere t o  p ro tec t  

i ts  o p t i c a l  system from corrosive moisture.  Therefore,  a window must 

be developed f o r  t ransmission o f  3.5 - 4 . 1  micron r a d i a t i o n .  

a cool ing system must be designed t o  keep t h e  de t ec to r  c e l l  a t  a 

s teady  l o w  temperature below -7OOC. 

It was decided t o  adapt t h i s  

To f a c i l i t a t e  t h e  

The radiometer needs 

Also 

A l i t e r a t u r e  search for i n f r a red  transmission p r o p e r t i e s  o f  

p l a s t i c  materials showed t h a t  te f lon ,  mylar, nylon, and polyethylene 

might be economical window mater ia l s .  Transmission measurements on 

t h e  Beckman IR-8 in f r a red  spectrophotometer revealed t h a t  t e f l o n  

and mylar had t h e  best  p o s s i b i l i t i e s .  Teflon had t o  be ru l ed  out 

as a window f o r  a vacuum chamber due t o  i t s  weakness t o  ruptur ing  

and tendency t o  s t r e t c h .  

p l a c e s  an emphasis on t h e  s h o r t  wave length  port ion of  t h e  3.56 - 4.13 

The transmission curve of tef lon a l s o  
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as measured by a Beckman IR-8 In f r a red  Spectrophotometer 

( a )  Mylar 25 microns t h i c k  

( b )  Teflon 76 microns 

( c >  Mylar 1 3  microns 
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micron band received by t h e  HRIR radiometer, as seen i n  Fig.  (3.1). 

Mylar with a th ickness  of 25 microns (1 m i l )  t r ansmi t s  an average 

of  81% i n  t h i s  wave length  band; 13 micron t h i c k  mylar t r ansmi t s  85%. 

The th i cke r  mylar w i l l  withstand one atmosphere pressure  over an area 

equal  t o  the  ape r tu re  of t h e  radiometer and can be used on a vacuum 

chamber. 

for a window. 

A non-evacuated chamber could employ t h e  13  micron mylar 

Developmental work on t h e  problem of cool ing t h e  PbSe d e t e c t o r  

has l e d  t o  two p lans  of attack d i f f e r e n t i a t e d  by t h e  t i m e  requi red  t o  

bu i ld  t h e  apparatus  and t h e  use t o  which t h e  radiometer w i l l  be put .  

The u l t imate  use of t h e  HRIR is t o  be a co-operative effort  with t h e  

E n e m  Transfer Research Group a t  t h i s  Department t o  ob ta in  apparent  

sea sur face  temperatures from t h e  a i r .  High r e so lu t ion  measurements 

of t h e  e f f e c t s  of sea state, nad i r  angle and t h e  presence of foam and 

o i l  on emiss iv i ty  and surface temperature am required.  

su r f ace  emis s iv i ty  i n  t h e  microwave region i s  a s t rong  funct ion of 

temperature,  accu ra t e  measurement of surface temperature would be an 

a i d  of t h e  microwave i n f r a r e d  e f f o r t s  of t h i s  con t r ac t  as well. 

Since water 

The earliest use of t h e  HRIR is f o r  f i e l d  measurements of t h e  

emiss iv i ty  and temperature d i s t r i b u t i o n  of var ious terrestrial  sur faces .  

This  calls  for t r i p o d  mounting of t h e  radiometer,  f a c i l i t a t e d  by 

po r t ab le  d e t e c t o r  cool ing and a por tab le  power supply. 

Ultimately t h e  radiometer should be housed i n  a vacuum chamber and 

cooled by r a d i a t i o n  as it is on board the  satel l i te .  

done by having t h e  cool ing pa tch  r a d i a t e  longwave r ad ia t ion  out t o  a 

vessel of l i q u i d  n i t rogen  or a block cooled by stacked thermoelec t r ic  

coolers .  

This would be 

Operation i n  t h i s  configurat ion r e q u i r e s  t h a t  t h e  d r i v e  of 



th? scan mirror  be disconnected from t h e  motor which r o t a t e s  t h e  chopper 

and scanner,  al lowing t h e  te lescope t o  be aimed and held i n  one d i r ec t ion .  

This  i s  e s s e n t i a l  t o  allow for the  window i n  t h e  chamber t o  be of 

minimum area and thickness .  

measurements from a low f l y i n g  plane r equ i r e s  t h a t  t h e  scanning mechanism 

be deact ivated.  

E f f i c i en t  da t a  tak ing  for s t r i c t l y  v e r t i c a l  

For t h e  present ,  it is proposed t o  cool t h e  d e t e c t o r  cooling 

patch and t h e  c y l i n d r i c a l  chamber i n  which it is  housed by a flow of 

co ld  n i t rogen  gas boi led  off a dewar of l i q u i d  ni t rogen.  

w i l l  be cont ro l led  by a r e s i s t i v e  heat ing element i n  t h e  l i q u i d ,  ac t iva t ed  

by a propor t iona l  temperature con t ro l l e r ,  which w i l l  employ as its 

sensor  a thermis tor  mounted on t h e  cool ing patch. 

radiometer  housing and cooling patch r e q u i r e s  about 7 watts of power 

t o  t h e  hea ter  t o  produce t h e  boi l ing  rate needed for keeping the  

coo l ing  patch below -7WC. 

l i q u i d  n i t rogen  loss ra te  was about 0.16 l i t e r s  per  hour. 

The bo i l ing  

A test model of t h e  

From t h i s  bo i l i ng  r a t e  t h e  ca lcu la ted  

The n i t rogen  gas can pass  out  pas t  t h e  de t ec to r  and through t h e  

t e l e scope  t o  purge t h e  radiometer of moist a i r .  Hopefully, a simple 

housing or hood can be employed t o  produce a "dead air" condi t ion i n  

t h e  te lescope  and no window w i l l  be needed. 

The r e s u l t s  o f t h e  NASA Convair 990 f l i g h t s  as discussed by 

Hovis and Tobin (1967) have discouraged the use of t h e  3.4~ t o  4.2~ 

f o r  remote emiss iv i ty  measurements and i d e n t i f i c a t i o n  of surface 

cons t i t uen t s .  In keeping with t h e  de-emphasis of t h e  3.4 - 4.2~ 
window most of t h e  work with t h e  HRIR w i l l  be done o u t s i d e  t h e  scope 

of t h i s  con t r ac t  (having t h e  s t a t u s  of a s tudent  p r o j e c t )  u n t i l  such 
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time a s  its use w i l l  d i r e c t l y  apply to meteorological s a t e l l i t e s .  

The authors wish t o  thank those people at NASA Goddard Space 

F l ight  Center who have allowed us to use  the  HRIR and have aided u s  

i n  i ts  adaptation t o  our operating requirements. 



- 16 - 

INFLUENCE OF RAINFALL ON SURFACE 

TEMPERATURE AND SALINITY OF THE OCEAN 

by 

Kr is t ina  Katsaros 

Calcula t ions  and t h e o r e t i c a l  work 

A computer program has been developed, which uses a numerical 

method spanning two time s t e p s  f o r  i n t e g r a t i o n  of t h e  equat ions of heat  

and salt d i f fus ion  i n  t h e  t o p  ocean l aye r s .  

t o  Saul 'ev,  is uncondi t ional ly  s t ab le ,  which means t h a t  sho r t  v e r t i c a l  

increments,  and r e l a t i v e l y  long time s t e p s  may be used. 

This method, according 

The d i f fus ion  of heat  and salt are i n t e r r e l a t e d  i n  t h a t  they both 

affect t h e  dens i ty  g rad ien t s  which i n  t u r n  inf luence the  mixing i n  

free or forced convection regimes. 

are coupled i n  t h e  ca l cu la t ions .  The so-cal led Sorer effect, which 

l i n k s  molecular d i f f u s i o a  of salt t o  the  temperature grad ien t  would 

be a secondary e f f e c t ,  and has been disregarded so far. 

a t  Woods Hole g ives  a d iscuss ion  of heat and salt  d i f f u s i o n  f o r  a 

two-layer system i n  s t a b l e  s t r a t i f i c a t i o n ,  where convection occws 

nonetheless.  

heated f r o m  t h e  bottom. 

d i f fus ion  of heat being two orders  of magnitude l a r g e r  than  t h a t  of 

sa l t ,  convection cu r ren t s  are set up i n  t h e  upper l aye r .  This type 

of mixing may occur i n  t h e  s i tuat ion of co ld  r a i n  on t h e  ocean. 

I n  t h i s  sense t h e  t w o  systems 

Turner (1964) 

The lower l a y e r  i s  of  higher sa l t  content  and is  being 

Because of t he  molecular c o e f f i c i e n t  of 

The boundary condi t ions  at t h e  surface include,  for t h e  temperature 

ca l cu la t ion :  long wave rad ia t ion ,  l a t e n t  heat  exchange and s e n s i b l e  
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heat flow, sho r t  wave r a d i a t i o n  being disregarded for the  moment, and 

for  salt  d i f fus ion  mass exchange due t o  evaporation or condensation. 

After ex tens ive  l i t e r a t u r e  survey, r e l a t i v e l y  simple equat ions  for t h e  

heat  and mass t r a n s f e r  between sea surface and atmosphere have been 

adopted from Malkus (196 2 1. 

Some assumptions have t o  be made about t h e  d i f fus ion  c o e f f i c i e n t s  

of salt and heat i n  t h e  top  layers .  

s e v e r a l  workers t h a t  even m d e r  conditions of s t rong  mechanical mixing 

one expects  a molecular boundary layer .  

has  been discussed r ecen t ly  by Saunders (19671, and he f i n d s  t h a t  

t h i s  th ickness  should d i f f e r  for momentum, heat  and salt t r a n s p o r t .  

It has been established by.. 

The thickrress uE this layer 

If we assume a molecular l aye r  then  w e  would expect a t r a n s i t i o n  

zone, and a t  g r e a t e r  depth f u l l y  tu rbu len t  flow, where the  g rad ien t s  

are much weaker. The  cha rac t e r  of t h e  t r a n s i t i o n  zone is r e a l l y  our  

concern i n  t h i s  study. 

o r b i t a l  motions of t h e  p a r t i c l e s  under t h e  wave lead  t o  a mean hor i -  

z o n t a l m a s s  t r anspor t  i n  t h e  d i r ec t ion  of wave motion, which decreases  

as a funct ion of  depth. (See, f o r  ins tance ,  P h i l l i p s  1966). This  

should give rise t o  a c e r t a i n  ve loc i ty  shear  below t h e  su r face  and 

as a consequence turbulence.  

i s  a stress exer ted  on t h e  ocean surface by t h e  wind, and t h i s  stress 

sets up t h e  "wind driven" current  i n  t h e  water, with an accompanying 

ve loc i ty  shear.  

it w i l l  be assumed t h a t  t h e  eddy d i f fus ion  c o e f f i c i e n t s  of heat and 

sal t  equal  t h e  eddy v i scos i ty ,  and s i m i l a r l y  t o  t h e  development for 

When there  is  wave ac t ion  on t h e  water t h e  

I n  addi t ion  t o  wave production, t h e r e  

As a first attempt on t h e  stress induced turbulence,  
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t he  atmospheric boundary l aye r  we w i l l  assume t h a t  t h e  eddy c o e f f i c i e n t  

is proport ional  t o  a mixing length,  which i n  t u r n  is a funct ion of z ,  

t h e  d is tance  from t h e  boundary. Near t h e  boundary w e  assume t h a t  t h e  

stress T remains cons tan t ,  and t h a t  t he  mixing length is d i r e c t l y  

propor t iona l  t o  d is tance  from t h e  boundary. 

eddy v i s c o s i t y  K,,, = C z where C is a constant ,  and t h e  eauation 

f o r  t h e  stress becomes: 

We can then  write the 

p = dens i ty ,  and 6 = t h e  mean horizontal  ve loc i ty  of t h e  c u r r e n t .  

In t eg ra t ing  we get 

where z, is  t h e  so ca l l ed  roughness length and us is  t h e  sur face  

current .  

A recent paper by Bye (Bye 1967) d i scusses  t h e  ve loc i ty  p r o f i l e  

for irrotational wave motion. He starts from a wave spectrum and 

f i n d s  t h e o r e t i c a l l y  t h a t  the ve loc i ty  p r o f i l e  is approximately loga r i th -  

metic i n  a region 1 c m  - 1 0  m depth. H e  also compares t h i s  r e s u l t  

w i t h  data on t h e  surface cur ren t  obtained by him, and again f i n d s  

a logarithmic p r o f i l e  i n  f a i r l y  good agreement. From of 
b,.$-,y4 .i@C 

t h e  cur ren t  p r o f i l e  one would l i k e  t o  be able to  determine t h e  s ta te  

of twbu lence  under t h e  surface s p e c i f i c a l l y  t h e  eddy d i f fus ion  coe f f i -  

c i e n t s .  

f i c i e n t ,  s ince  the re  is an ambiguity as t o  what t h e  cause is for one 

However, t h i s  p r o f i l e  information does not seem t o  be suf-  

p a r t i c u l a r  s t ruc ture .  A t  l e a s t  i n t u i t i v e l y  t h e r e  seems t o  be no reason 
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why an i r r o t a t i o n a l  wave should have t h e  same state of turbulence 

as boundary flow i n  a f l u i d  subjected t o  a surface stress. One only 

needs t o  consider t h e  case when the re  a r e  waves on t h e  water, but no 

wind blowing t o  realize that the  t w o  types of current  f l o w  a r e  inde- 

pendent. These quest ions a r e  most i n t e r e s t i n g  and w i l l  be probed f u r t h e r .  

The effect of s t a b i l i t y  on t h e  forced convection regime can 

probably best be included i n  t h e  form of a Richardson number dependency. 

For the s t a b l e  case w e  would have: 

where K, is the  eddy v i scos i ty  under condi t ions of neu t r a l  s t r a t i f i c a t i o n ,  

and f3 and n are constants ,  and R i  is t h e  Richardson number defined 

through R i  = ae &e where g = acce lera t ion  of g rav i ty ,  and 8 = p o t e n t i a l  

temperature. 

and Anderson 

for the  eddy 

of empirical  

The value of n,  i n  a study of t h e  thermocline by Munk 

(1948) was given as n = - 1 / 2  for eddy v i scos i ty ,  and - 3/2 
d i f fus ion  coef f ic ien t  f o r  heat ,  both from the  f i t t i n g  

da ta .  The value n = - 1 / 4  has been derived t h e o r e t i c a l l y  

and i s  thus  better j u s t i f i e d .  

on surface turbulence i n  t h e  sea and i n  lakes show a l a r g e  effect of 

s t a b i l i t y  on t h e  ratio %/KH. 

approximately 1, but i n  very s t a b l e  cases can be on the order  5 0 ,  and 

both K, and KH decrease uniformly for an increase i n  s t a b i l i t y .  

When no wind action t o  cause mechanical mixing i s  present ,  some 

According t o  Kolesnikov (1960) da ta  

For neu t ra l  conditions t h e  ratio is 

criterion f o r  t h e  onset and ef fec t iveness  of free convection would have 
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t o  be es tab l i shed .  

We w i l l  not concern ourse lves  much with either free convection or 

turbulence due t o  causes o the r  than wind and waves i n  t h i s  study. 

However, after t h e  r a i n  has  stopped, and we have a very s t a b l e  dens i ty  

d i s t r i b u t i o n  near t h e  surface, it may be t h a t  convection produced by 

evaporative surface cool ing p lays  an important role i n  destroying t h e  

dens i ty  gradient .  

This  s i t u a t i o n  is very unusual on t h e  open ocean. 

During the r a i n  f a l l  t h e  splashing of t h e  drops a t  t h e  surface 

with t h e  ensuing Rayleigh jet ,  and t h e  v e r t i c a l  ve loc i ty  of t h e  sub- 

surface vortex ring should g i v e  rise t o  an increase  i n  the near  surface 

eddy d i f fus ion  c o e f f i c i e n t s  of heat, salt, and momentum. 

o f t e n  observed t h a t  t h e  wave motion on the  su r face  subsides  during t h e  

r a in .  

a change i n  t h e  wind p a t t e r n  around a ra in ing  cloud. 

It is also 

This could be due t o  t h e  mechanical ac t ion  of t h e  drops or to 

When a s teady state temperature and s a l i n i t y  s t r u c t u r e  for a 

certain meteorological condi t ion has  been es tab l i shed  for the computer 

experiment, r a in  w i l l  be added t o  t h e  top g r i d  po in t s .  We then have 

t o  assume something about t h e  e f f ec t  of t h e  mechanical action of the 

r a i n  i n  increasing t h e  d i f fus ion  coe f f i c i en t s .  

t o  be assmed  about the e f f e c t i v e  depth of pene t ra t ion  of the r a i n .  

Raindrops have f a l l  v e l o c i t i e s  f r o m  4 t o  8 m/sec. 

surface, pene t r a t e  as vortex rings t o  some dis tance  i n  t h e  water but 

being buoyant then rise toward t h e  surface mixing i n  along t h e  way. 

Here again t h e  d i f f e r e n t  rate of heat and sa l t  d i f fus ion  on t h e  molecular 

l e v e l  may be important. 

Something a l s o  has 

They sp la sh  at t h e  

Perhaps an exponential  decrease with depth of 
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r a i n  absorpt ion should be expected. 

a t  p re sen t ,  but t h e  experimental  work should g ive  a better idea  o f  t h e  

a n a l y t i c  form t o  be used. 

i n  t h e  g r i d  p o s i t i o n s  has t o  t ake  p lace  due t o  added mass because t h e  

Saul 'ev method r e q u i r e s  equal  g r i d  i n t e r v a l s .  

The program uses  a l i n e a r  model 

When t h e  r a i n  has  been absorbed, a s h i f t  

The computer program is now i n  a working condi t ion.  It has been 

attempted t o  keep it f l e x i b l e  enough so that i n s i g h t  i n t o  t h e  i n t e r a c t i o n  

and r e l a t i o n s h i p s  gained from t h e  l i teratwe and experiments can be 

incorporated.  

The lateral  v a r i a t i o n s  of turbulence i n  t h e  ocean due t o  cbupling 

The approach with t h e  atmospheric eddy motions have been disregarded.  

has been t o  t r y  t o  express  the  average s t r u c t u r e  and not  necessa r i ly  

expla in  t h e  d e t a i l  mechanisms of the ind iv idua l  a i r - sea  i n t e r a c t i o n s .  

Experiment a1 Work 

The labora tory  model sea and r a i n  apparatus  has  been t e s t e d  on 

a f e w  runs.  

f r o m  arms a t  t h e  ou t le t  of a tank,  suspended under t h e  c e i l i n g .  

problem has been t o  keep a l l  t h e  r a i n  a t  a uniform temperature,  and t o  

measure i t s  temperature. Col lect ing t h e  drops near  t h e  su r face  of t h e  

sa l t  water tank i n t o  a syr inge with a f i n e  b u i l t - i n  thermocouple and 

con t inua l ly  l e t t i n g  some of t h e  water escape through t h e  narrow hole ,  

seems t o  be a so lu t ion .  The r a i n  water tank is now w e l l  i n su la t ed  and 

can be flushed thoroughly before the  start of an experiment. 

The r a i n  drops f a l l  from hypodermic needle  p o i n t s  extended 

The 

The surface temperature i s  measured with a Barnes PRT5 in f r a red  

radiometer of 0.loC accuracy. T h i s  instrument i s  l e n t  t o  us  t h i s  f a l l  
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by t h e  U. S. Geologic Survey i n  Tacoma. 

too crude. 

The Barnes I T 2  proved much 

A ther.mnco~iple array to measure t h e  temperature grad ien t  i n  t h e  

w a t e r  has been completed. 

aga ins t  t h e  electric conduction through sea-water and a neoprene 

Several  materials were t e s t e d  for i n s u l a t i o n  

J. p a i n t  was found, which seems t o  do t h e  job and a l s o  has t he  advantage 

t h a t  it can be app l i ed  t o  f i n e  meta l l ic  w i r e  without ex tens ive  beading. 

An attempt is being made t o  construct  a S micron d i f f e r e n t i a l  thermo- 

couple to riieasute tho grad ient  i n  t h e  top  millimeter, a t  least  i n  the 

laboratory.  

The  first few experimental  r a i n s  i n d i c a t e  t h a t  t h e  temperature 

and s a l i n i t y  anomaly a t  t h e  surface i s  d i r e c t l y  propor t iona l  t o  t h e  

temperature d i f f e rence  between the  rainwater  and the  saltwater, r a t e  

of r a i n f a l l  and t h e  dura t ion  of r a i n f a l l .  

very p l a i n l y  seen, when one compares a co ld  r a i n  on a warn f r e s h  water 

The effect of s t a b i l i t y  i s  

tank t o  r a i n s  on a s a l t  water t a n k  with a dens i ty  of approximately 

1.023 g/cm'. The change i n  t h e  r ad ia t ive  temperature 

normalized with respec t  to  t h e  above mentioned parameters: r a i n  t o  

tank temperature d i f fe rence  r a i n  rate and dura t ion ,  i s  about 4 times 

l a r g e r  i n  t h e  s t a b l e  case.  Below t h e  su r face  one f i n d s  i n  t h e  s t a b l e  

-- 

Manufacturer--Gaco Western, Seattle, Washington 
1 
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case a w e l l  mixed region 2 - 4 cm t h i c k  and below t h a t  s t eep  temperature 

and s a l i n i t y  grad ien ts .  In  t h e  case o f  co ld  r a i n  on a f r e sh  water tank, 

t he  temperature d i f fe rence  i s  contained i n  a cool surface f i l m .  

Climatology and f i e l d  da t a  

A c l ima to log ica l  survey of t h e  poss ib le  d i f f e rences  of t h e  r a i n  

temperature from t h a t  of the  underlying ocean, and t h e  accompanying 

heat  and vapor t r a n s f e r s  has been s t a r t e d .  

Raindrops have been found t o  a t t a i n  t h e  w e t  bulb temperature of 

t h e  a i r  while descending through it with a t i m e  cons tan t  of 3 - 4 seconds, 

In l abora tory  s tudies . (See Kinzer and Gunn 1951).". .Fbtcher (1962) 

refers t o  temperature measurements of  n a t u r a l  r a i n  by Byers e t  a l ,  

and Maulaud and although t h e  temperature of t h e  r a i n  commonly approaches 

t h e  wet-bulb temperature of t h e  air, it can be e i t h e r  warmer o r  colder .  

What t h i s  implies  i n  terms of expected ocean-rain temperature d i f f e rences  

a t  var ious p laces  on t h e  e a r t h  w i l l  be e s t ab l i shed .  

A r epor t  by Boudreau (1965) on t h e  r a d i a t i v e  temperature of t h e  

ocean sur face  i n  t h e  Caribbean, employing Eppleys, showed on two 

occasions af ter  r a i n  showers a surface t o  i n t e r i o r  temperature d i f f e rence  

approximately l0C larger than was otherwise found. 

If t h e  s a l i n i t y  depression is l a r g e  enough and p e r s i s t s  a t  t h e  

sur face  for a s u b s t a n t i a l  l ength  of time t h e  e f f e c t s  on t h e  f lora  and 

fauna can prove d i sa s t rous .  

t i t l e d  "Mass mor ta l i t y  of a marine fauna fol lowing t r o p i c a l  ra ins ."  

(Goodbody, 1961). 

runoff  t o  amplify t h e  e f f e c t .  

A d r a s t i c  case is  descr ibed i n  t h e  a r t ic le  

In  t h i s  case,  we have a she l t e red  lagoon and r i v e r  
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I n  a recent  ar t ic le  i n  LIFE magazine (S to l l ey ,  1967)  t h e r e  are 

some very i n t e r e s t i n g  c o l o r  photographs of t h e  M i a m i  Beach Gold 

Coast, t he  r e s u l t  of mul t i spec t ra l  photography employing panchromatic, 

black and white f i lm  and seve ra l  f i l t e r s  i n  t h e  v i s i b l e  and near  

i n f r a red .  One p i c t u r e  shows a d i s t i n c t  d i f f e rence  between f r e s h  water 

a t  t h e  sur face  a f t e r  a r a i n  shower and the  neighboring unaffected sal t  

water. 

Systems, (Yost and Wenderoth, 1967)  could prove a very usefu l  way t o  

s tudy the  r a i n  f a l l  e f f e c t  on surface s a l i n i t y ,  and perhaps i n d i r e c t l y  

turbulence,  by remote sensing, i f  a q u a n t i t a t i v e  c o r r e l a t i o n  between 

color and salt content  could be es tab l i shed .  

This  technique developed for Fa i rch i ld  Space and Defense 
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Immediate P lans  

In  the  next f e w  months, many labora tory  experiments w i l l  be 

c a r r i e d  out  so t h a t  t h e  effect o f t h e  var ious parameters can be 

separated.  I n  addi t ion ,  t he  tank should be put  out-of-doors during 

a n a t u r a l  ra infal l  t o  observe poss ib le  d i f f e rences .  The labora tory  

r a i n s  are l imi t ed  i n  t h a t  they have monodisperse dropsize d i s t r i -  

but ions;  ( a l l  drops t u r n  out  t o  be approximately 3 mm i n  diameter) ,  

and t h e  height  of f a l l  i s  i n s u f f i c i e n t  f o r  t h e  drops t o  a t t a i n  ter- 

minal ve loc i ty .  

area and un i t  time can be adjusted with t h e  hydraul ic  pressure  i n  

t h e  r a i n  conta iner ,  t h e  s i ze  of the  hypodermic needles  and t h e  number 

of needles used. 

However, r a i n  amount and number of drops p e r  un i t  
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MICROWAVE STUDY 

by 

W. T. Kreiss 

Most of t h e  work conducted on pass ive  microwave techniques under 

t h i s  gran t  w i l l  be presented i n  a separa te  r e p o r t  t o  follow shor t ly .  

This  work has included t h e  construct ion of a radiometer opera t ing  a t  

a wavelength of  1.6 cm and subsequent ground-based zenith-viewing 

observat ions.  Concurrent t h e o r e t i c a l  effor ts  have centered around 

model computations of "brightness" temperatures  i n  t h e  s p e c t r a l  region 

15-30 GHz for upward viewing observat ions from mean sea l e v e l  and 

downward viewing observat ions from above t h e  atmosphere. 

for seve ra l  k i n e t i c  temperature and humidity p r o f i l e s ,  with and without 

c louds,  have been computed. 

gene ra l ly  show good agreement providing an encouraging outlook for  

f u r t h e r  s t u d i e s .  

f o r  correct i n t e r p r e t a t i o n  of observat ions has become evident from 

analyses  of d a t a  from both ground-based and aircraft observa t iona l  

programs. 

be as f u l l y  co-ordinated w i t h  meteorological observat ions a s  poss ib le ,  

i f  t h e  p o t e n t i a l  of passive microwave systems i s  t o  be determined. 

From computations it appears t h a t  multi-frequency observat ions can 

provide much more valuable  information than  can be obtained with a 

single,*frequency. 

cent imeters  of water vapor i n  the  atmosphere, a measure of l i q u i d  

water content  of c louds and much better estimates of cloud th icknesses  

may be poss ib le .  

but  do provide much q u a l i t a t i v e  information. 

Many cases 

Comparisons with a v a i l a b l e  observat ions 

The need f o r  complete meteorological  support da t a  

Therefore, it is st rongly recommended t h a t  f u t u r e  s rud ie s  

For example, a b e t t e r  measure of p rec ip i t ab le  

Single  frequency observa t ions  are f requent ly  ambiguous. 
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For s t u d i e s  of t h e  s t r u c t u r e  of i nd iv idua l  cumulus cells  f r o m  

sa te l l i tes  high s p a t i a l  r e so lu t ion  i s  requi red .  

achieved with o p t i c a l  systems but  l eads  t o  very l a r g e  microwave 

s t r u c t u r e s .  However, s ince  microwaves pene t ra te  much f u r t h e r  i n t o  such 

clouds than do i n f r a r e d  and v i s i b l e  r ad ia t ion  t h e  combination of sensors  

might provide a powerful tool. To estimate the  dimensions of a s u i t a b l e  

microwave antenna assume t h a t  a circle of coverage of 1 km diameter 

a t  t h e  e a r t h ' s  sur face  i s  required.  

o r b i t  a t  250 km a half-power antenna beamwidth of about 0.5 degrees  

i s  necessary and leads  t o  aperture  dimensions of about two meters fo r  

an opera t ing  wavelength of 1 .5  cm.  

corresponding beamwidth and ape r tu re  are of t h e  order  of 0.1 degree 

and 1 0  m r e spec t ive ly  for t h e  same opera t ing  wavelength. 

coverage circle t o  5 km would y i e l d  less information but acceptab le  

antenna dimensions. 

This  can e a s i l y  be 

Then, for a satel l i te  i n  c i r c u l a r  

If t h e  o r b i t  i s  a t  1000 km then t h e  

Relaxing t h e  

High r e s o l u t i o n  s t u d i e s  o f  specific cloud types  would f i t  best 

i n t o  a manned spacecraf t  program and then  probably only i n  t h e  l a rge  

craft such as t h e  sa turn  launch vehic les  p re sen t ly  under study. On 

such a craft, reasonably l a r g e  antenna s t r u c t u r e s  could be t o l e r a t e d  

from t h e  s tandpoin ts  of  s i z e ,  weight, shape and compatabi l i ty  with o t h e r  

experiments. 

aerodynamic housing, be of i n f l a t a b l e  design or  even assembled by 

a s t ronau t s .  Current ly ,  design s tud ie s  of l a rge  antennas f o r  space 

veh ic l e s  are being performed which should be d i r e c t l y  app l i cab le  t o  

meteorological  uses.  However, even when s u i t a b l e  antenna designs and 

space platforms are a v a i l a b l e  the  t a s k  w i l l  be t o  j u s t i f y  i n s t a l l a t i o n  

Such antennas could be mechanically deployed from an 
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of these large antennas for meteorological purposes. 

careful and thoroughly organized experimental programs to prove the 

value of passive microwave systems and t o  achieve t h i s  goal. 

It will take 
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